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PREDICTION  OP  DRAG  COEFFICIENTS  OF  A SUPERSONIC  V/STOL 


CONFIGURATION  WITH  VARIOUS  STORE  ARRANGEMENTS* 


Tsze  C.  Tal,  Thomas  H.  Boyd,  and  Richard  E.  Kuhn 
David  W.  Taylor  Naval  Ship  Research  and  Development  Center 
Rethesda,  Maryland 


ABSTRACT 

Numerical  computations,  using  supersonic  area  rule, 
linear  theory  and  turbulent  boundary  layer  solutions,  were 
performed  to  evaluate  the  drag  coefficients  of  a supersonic 
V/STOL  configuration  with  various  store  arrangements. 
External  stores  Included  short-  and  medium-range  missiles, 
electronic  pod,  and  600-gallon  (2280-liters)  fuel  tanks. 
Predictions  were  based  on  cruise  conditions  at  Mach  numbers 
1.2,  1.6,  and  1.8  with  Reynolds  numbers  between  2 x 10”  and 
66.2  x 10”.  As  expected.  It  was  found  that  the  drag  coef- 
ficient decreases  as  the  free-stream  Mach  number  Increases. 
The  wave  drag  varies  nonllnearly  with  added  store  capacity. 
Data  Indicate  that  for  the  same  store  capacity,  the  wave 
drag  may  be  minimized  by  Judicious  selection  of  store 
locat Ion. 


INTRODUCTION 

The  drag  prediction  analysis  reported  In  this  paper  was  part  of  an  evaluation 
to  define  the  geometry  and  performance  of  a supercruiser  concept  for  vertical 
and  short  takeoff  and  landing  (V/STOL)  to  carry  weapons  compatible  with  the  deck 
launched  Intercept  (DL1)  and  strike  missions.  It  Is  a modified  version  of  a 
National  Aeronautics  and  Space  Administration  (NASA)  supercruise  fighter 
configuration.  An  Inboard  profile  was  developed  to  Integrate  engines,  fixed 
equipment,  avionics,  fuel,  and  landing  gear  In  a preliminary  design  process. 
Changes  In  the  fuselage  were  made  to  meet  volume  requirements,  and  new  approaches 
to  weapons  Integration  were  developed  without  adverse  effects  on  the  area  dis- 
tribution. Weapon  and  airframe  Integration  must  be  accomplished  with  minimal 
effect  on  overall  aircraft  drag. 


*Thi8  work  was  sponsored  by  the  Naval  Air  Systems  Command  (A1R-320D) 
and  the  Naval  Air  Development  Center  (NADC-6051). 
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Drag  coefficients  of  the  new  configuration  with  seven  store  arrangements 
were  determined.  Theoretical  drag  consists  of  supersonic  wave  drag  and  turbulent 
skin  friction.  The  former  was  calculated  either  by  a far-fleld  solution  based 
on  supersonic  area  rule  or  by  a near-fleld  solution  based  on  the  linear  theory. 
The  latter  was  evaluated  by  a turbulent  flat  plate  solution  applied  to  local 
longitudinal  strips  aligned  with  a free  stream.  The  shearing  stress  of  these 
strips  was  determined  with  the  Reynolds  number  based  on  the  strip  length;  the 
frictional  drag  of  the  whole  aircraft  was  obtained  by  summing  those  strip  values. 
Computations  were  made  at  the  David  W.  Taylor  Naval  Ship  Research  and  Develop- 
ment Center  (DTNSRDC)  using  an  existing  supersonic  aircraft  analysis  program1 
with  minor  modi f lcat Ions . 


AIRCRAFT  AND  STORE  ARRANGEMENTS 
Clean  Aircraft  Configuration 

The  aircraft  model  Is  basically  a NASA  Supercruise  Fighter  4* **  modified 
with  twin  extended  pods  at  the  rear  end  of  the  fuselage  to  accommodate  fixed 
equipment  without  adverse  effects  on  area  distribution.  The  model  Is  a twin- 
engine  tailless  arrow-wing  design  with  a single  rectangular  Inlet  beneath  the 
fuselage  and  outboard  vertical  tails  and  ventral  fins.  The  original  config- 
uration, the  NASA  Supercruise  Fighter  4,  Is  a supersonic  cruise  concept  aerody- 
namlcally  designed  for  efficient  cruise  at  Mach  1.8.  An  isometric  and  a three- 
view  drawing  of  the  present  aircraft  configuration  are  shown  in  Figures  1 and 
2,  respectively.  Geometric  characteristics  are  given  In  Table  1.  A feature  of 
this  modified  configuration  Is  the  extension  of  the  fuselage  at  the  fuselage-wing 
juncture  and  a short  extension  at  the  fuselage  centerline  between  the  engines. 
Modifications  made  to  the  fuselage  contours,  to  accommodate  engines  sized  for  the 
mission  applications , arc  not  apparent  in  the  three  views.  Figures  3 and  4 show 
the  original  and  modified  version  of  the  NASA  Supercruise  Fighter  4.  Figure  5 
Illustrates  the  revisions  made  to  the  fuselage  cross  section  In  Station  38.89 
located  just  aft  of  the  engine  Inlet  face. 


Aircraft  with  Stores 

External  stores  of  the  aircraft  configuration  Include  short-  and  medium- 
range  missiles,  an  electronic  pod,  and  600-gallon  (2280-liters)  fuel  tanks. 

To  avoid  the  high  drag  that  would  be  encountered  at  supersonic  speeds  with 
conventional  pylon  mounted  stores,  an  aerodynamical ly  Integrated  store  concept 
was  envisaged.  The  stores  were  assumed  to  be  reconfigured  so  that  they  could 
be  flush  mounted  on  the  bottom  of  the  aircraft  and  fitted  with  disposable 
fairings  where  necessary  to  aerodynamlcally  Integrate  them  with  the  lines  of 
the  airframe.  They  would  thus  appear  as  longitudinally  oriented  streamlined 
bulges.  The  computer  program  could  not  accept  the  actual  aerodynamlcally 
designed  stores  configuration  and  it  was  necessary  to  use  the  equivalent  body 
area  distribution  in  predicting  the  drag.  All  stores  are  mounted  symmetrically 

*A  complete  listing  of  references  Is  given  on  page  10. 

**Referenre  2 Is  cited  for  a detailed  description  of  the  NASA  model. 
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about  the  fuselage  centerline.  A description  of  the  store  arrangement 
combinations  and  their  designations  are  given  in  Table  2.  The  computer  drawn 
figures  of  these  combinations  are  shown  in  figure  6. 


DRAG  CALCULATIONS 

The  theoretical  drag  of  an  aircraft  In  supersonic  flight  consists  of 
the  skin  friction  and  the  supersonic  wave  drag.  Pressure  drag  due  to  flow 
separation  is  not  considered.  In  addition,  the  present  study  Is  restricted 
to  zero  lift  cases  so  that  the  drag  due  to  lift  Is  not  presented. 

Skin  Friction 

The  total  aircraft  skin  friction  d.ag  coefficient  is  a function  of  Mach 
number  and  Reynolds  number  values.  The  skin  friction  drag  coefficient  C* 
of  smooth  and  plane  surfaces,  as  a function  of  Reynolds  number  Reu  Is  given 
In  Figure  7.  The  figure,  modified  from  Reference  3,  represents  average 
coefficients  of  16  independent  tests.  The  effect  of  compressible  flow  Is 
to  reduce  the  value  of  Cj- . 

The  skin  friction  of  the  configurations  with  stores  was  computed  using 
a turbulent  flat  plate  solution  which  is  applied  to  local  longitudinal  strips 
aligned  with  the  free  stream.  The  flat  plate  solution  Is  called  the  T method 
which  is  based  on  the  calculation  of  a compressible  skin  friction  coefficient 
Cf  from  a reference  skin  friction  coefficient  C'j  for  a given  f ree-st rear. 
Mach  number  M^,  Reynolds  number  Re  , and  adiabatic  wall  temperature  Tw: 


• c.  (?‘) 


T'  and  C'f  are  obtained  from 


where  w denotes  the  exponent  of  Sutherland's  relation  between  viscosity  and 
temperature,  and  the  subscript  • denotes  the  free-etream  condition.  The  deriva- 
tion of  the  method  la  given  In  Reference  4. 

The  configuration.  Including  the  tall,  canard,  and  external  stores,  Is 
divided  Into  many  strips;  the  wetted  area  of  these  strips  are  then  calculated. 
The  total  frictional  drag  of  the  configuration  Is  determined  by  summing  the 
strip  values  along  with  the  corresponding  wetted  areas. 

Supersonic  Wave  Drag 

The  supersonic  wave  drag  was  calculated  by  a far-fleld  solution  based  on 
the  supersonic  area  rule.  A near-field  solution  based  on  the  linear  theory  was 
used  as  a check  In  some  cases. 

1.  The  Far-Fleld  Solution 


In  using  the  supersonic  area  rule,  the  aircraft  configuration  with 
stores  Is  transformed  Into  several  equivalent  bodies  of  revolution  by  passing 
a series  of  parallel  cutting  planes  through  the  configuration.  The  cutting 
planes  are  Inclined  with  respect  to  the  aircraft  longitudinal  axis  at  the  Mach 
angle,  and  a single  equivalent  body  Is  produced  for  the  series  of  cutting  planes 
at  a constant  azimuthal  angle  6.  The  cross-sectional  area  of  the  equivalent  body 
at  each  station  is  the  projection  of  the  area  Intercepted  by  the  cutting  plane 
onto  a plane  normal  to  the  aircraft  axis. 


The  wave  drag  of  each  equivalent  body  of  revolution  is  then  determined 
by  the  slender-body  relation  of  von  Krfrma’n^: 


pV„  fifl 

D(0)  I I A"(Xj)  A”(x2)  log  Ixj-XjIdXjdXj  (4) 


where  x.  and  X2  are  lengthwise  variables  of  integration  and  A"  is  the  second 
derivative  of  the  body  area  distribution.  The  wave  drag  of  the  aircraft  at  a 
given  Mach  number  is  calculated  from  the  integrated  average  of  the  equivalent- 
body  wave  drags. 


1 f2v 

D - 2V  / D(9)  de  (5) 

Jo 


Because  of  the  configuration  generality  possessed  by  the  supersonic  area 
rule,  various  store  arrangements  can  ne  easily  transformed  into  equivalent 
bodies  of  revolution  and,  therefore,  it  is  the  primary  source  for  obtaining  the 
zero-lift  wave. 
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2.  The  Near-l'teld  Solution 

The  accuracy  of  the  far-field  solution  was  first  checked  by  a more 
sophisticated  near-field  solution  which  gives  more  detailed  information  such  as 
surface  pressure  distribution  and  Interference  effects.  The  entire  solution 
Involves  calculations  of  "isolated"  wave  drag  of  the  components  and  superposition 
of  interference  drag  between  the  components. 

In  calculating  the  "isolated"  wave  drag,  the  surface  pressure  coefficient 
on  the  upper  (or  lower)  surface  of  a flat-mean-line  wing  of  symmetrical  surface 
shape  is  obtained  bv  first  determining  the  corresponding  velocity  potential, 
differentiating  with  respect  to  x (to  get  u),  and  then  computing  the  pressure 
coefficient  from  the  approximation,  C_  - -2u/V  . 

P « 

The  velocity  potential  computation,  from  Reference  b,  is: 


*(x  y) 


Vdnd:'. 


[•»  •»  ■>  1 
(x-f.)  - b (y-n)*J 


2TT72 


(b) 


where  (x,y)  « velocity  potential  at  a defined  wing  field  point  (x,v) 

V - surface  slope  (di/dx)  of  wing  section  at  a wing 
Integration  point 

2 1/2 
d - (M  -1  y,£ 

.V 

f,  « x variable  of  integration 
D " V variable  of  Integration 

t - subscript  denoting  interval  of  Integration  (surface  of 
the  wing  planform  within  the  Mach  forecone  from  x,y) 

The  wing  thickness  pressure  coefficient  is: 


Cp(x.y> 


P~P.„ 


1“  . _•>  ilOLiv). 

V...  ‘ 3* 


where  p 


u 


U 


,q.v 


local  pressure  at  x,y 
free-stream  static  pressure 
x perturbation  velocity 
free-stream  velocity  and  dynamic  pressure 


(7) 


For  fuselage  and  nacelles,  the  surface  pressure  distribution  Is  obtained 
from  a method  based  on  the  Llghthlll  theory.  The  method  Is  applicable  to 
bodies  having  either  smooth  area  distributions  or  bodies  with  slope  dis- 
continuities. In  computation,  smooth  area  distributions  are  assumed  except 
(If  required)  at  the  nose  or  aft  end  of  the  body.  Open-nose  bodies,  such 
as  nacelles,  are  permissible.  The  solution  technique  requires  calculating 
an  axial  perturbation  velocity  which  Is  a function  of  the  body  cross-sectional 
area  growth  (and  radius  distribution)  and  a decay  function  which  relates  area 
growth  to  Its  effect  on  a given  field  point.  The  axial  perturbation  velocity 
u is  given  by: 


u(x) 


BR 


(8) 


where  x ■ body  field  station 

W(Z)  » decay  function;  see  Reference  1 
£ - x variable  of  integration 
Z » position  function  - (x-£)/BR 

S* 

R^  - body  radius  at  £ 

Sf*  - first  derivative  of  body  cross-sectional  area  S at  £ 

The  pressure  coefficient  Is  calculated  from  one-dimens 1 one 1 flow  relationships 
given  In  Reference  8. 


C 
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0.7M2 

00 


^|l+0.2M2[(l-Ht'2)(l+u) 


(9) 


To  account  for  the  pressure  signatures  propagated  by  the  shock  wave  flow 
field  about  the  fuselage  and  nacelles,  the  pressure  field  Is  calculated  using 
the  modified  linear  theory  of  Whltham  for  a supersonic  axlsymmetrlc  flow. 

The  resultant  pressure  coefficient  is 


C - 

P 


P-P, 


2FM_ 

1/2 


(2Br) 


(10) 


6 


A -L  imilUBi 


where  r is  the  radial  distance  from  the  body  and  the  function  F(y) 


F(y) 


_1_  f y S"(t)dt 

2*io  <y-t)1/2 


(ii) 


which  is  dependent  on  body  geometry  as  S"(t)  represents  the  second  derivative 
of  body  cross-sectional  area. 

In  calculating  the  interference  drag,  the  fuselage-on-wing  interference  is 
determined  by  the  near-field  pressure  signature  from  the  fuselage  at  selected 
spanwlse  stations  and  Imposing  them  upon  the  corresponding  wing  sections.  The 
wing-on-fuselage  interference  is  obtained  by  computing  wing  thickness  pressures 
in  the  area  occupied  by  the  fuselage,  with  wing  surface  slopes  being  set  equal 
to  zero. 

The  nacelle-on-wing  interference  is  obtained  by  calculating  nacelle  pressure 
signatures  at  the  same  spanwise  stations  used  for  the  wing  thickness  pressures 
(plus  extra  stations  immediately  adjacent  to  the  nacelle  centerlines),  then 
defining  a composite  signature  by  summing  together  the  contributions  from  all 
nacelles.  The  nacelle  pressure  coefficients  are  doubled  to  account  for  reflection 
from  the  wing  surface.  The  wing-on-nacelle  term  is  accounted  for  by  transferring 
wing  thickness  pressures  along  Mach  lines  from  the  wing  surface  to  the  nacelle 
centerline. 

The  nacelle-on-fuselage  interference  is  considered  by  integrating  each 
nacelle's  pressure  signature  upon  the  fuselage  area  growth.  The  fuselage-on- 
nacclle  term  Is  obtained  by  imposing  the  fuselage  pressure  signature  on  each 
nacelle  surface  as  a buoyancy  force.  The  interference  term  of  other  nacelles 
acting  on  a selected  nacelle  is  calculated  by  building  up  the  composite  buoyancy 
field,  and  then  imposing  it  upon  the  nacelle  surface. 

The  Computer  Program 

The  computer  program  used  for  the  above  drag  calculations  is  basically  the 
supersonic  aircraft  analysis  program  described  by  Middleton  et  al.  with  minor 
modifications  made  at  DTNSRDC.  A detailed  description  of  the  program  is  given  in 
Reference  1.  Program  options  include  the  SKIN  FRICTION,  FAR-FIELD  WAVE  DRAG, 
NEAR-FIELD  WAVE  DRAG,  WING  DESIGN,  LIFT  ANALYSIS,  and  PLOT  programs.  Except  for 
the  WING  DESIGN  and  LIFT  ANALYSIS  options,  the  program  is  fully  utilized  in  this 
analysis.  The  PLOT  routines  were  modified  to  adapt  to  the  CALCOMP  936  plotting 
facility  at  DTNSRDC. 

In  preparing  the  inputs  for  the  computer,  the  aircraft  configuration  surface 
is  approximated  by  a large  number  of  quadrilateral  shapes  defined  by  input  coordi- 
nate points  in  physical  space.  The  original  fuselage  contour  lines  were  modified 
to  provide  the  volume  requirements  for  mission  oriented  equipment,  fuel,  and  en- 
gines. The  mission  oriented  stores  (missiles)  were  redesigned  to  obtain  integrated 
stores.  Then  the  resulting  store  configurations  were  converted  to  equivalent  bodies 
of  revolution  and  the  radius  determined  at  longitudinal  stations  as  computer  input 
data  as  illustrated  in  Figure  8.  A sample  listing  of  computer  inputs  for  the  V/STOL 


7 


— — 




5 la  given  In  Table  3.  The  correapondlng  plota  of  four  oblique  orthographic 
views  of  the  configuration  are  shown  In  Figure  9.  These  pictures  are  significant 
not  only  to  show  extensive  flow  calculation  but  also  to  offer  an  efficient  way  of 
checking  the  computer  modeling  of  the  selected  conf iguratlon. 

About  15  minutes  of  CDC  6600/6700  CPU  time  la  required  to  calculate  a far- 
fleld  wave  drag  solution  of  a typical  configuration  at  one  angle  of  attack.  The 
near-field  wave  drag  solution  requires  approximately  the  same  computer  time  even 
though  It  gives  a more  detailed  pressure  distribution.  The  reason  for  using  the 
far-fleld  solution  for  most  cases  Is  the  ease  in  simulating  the  external  stores 
by  bodies  of  revolution  associated  with  the  area  rule  concept.  The  computing 
time  for  turbulent  skin  friction  Is  less  than  two  minutes. 


RESULTS  AND  DISCUSSION 

The  drag  coefficients  were  determined  for  the  present  supersonic  V/STOL 
configuration  with  seven  store  arrangements  and  for  the  original  NASA  Super- 
cruiser  4 test  case.  Wave  drag  values  were  calculated  at  M ■ 1.2,  1.6,  and  1.8, 
and  skin  friction  values  were  determined  at  the  same  Mach  number  with  corresponding 
Reynolds  numbers  of  6.62  x 10',  5.88  x 10',  and  4.41  x 10,  respectively,  based 
on  a mean  chord  length  of  31.06  feet  (9.47  meters)  and  an  altitude  h ■ 50,000  feet 
(15,240  meters).  Additional  skin  friction  values  were  evaluated  for  subsonic  Mach 
numbers  0.1,  0.2,  0.3,  and  0.6  at  additional  but  lower  altitudes. 

The  calculated  results  of  the  test  esse  (NASA  Supercruiser  4)  are  presented 
in  Tab^e  4 and  plotted  in  Figure  10  along  with  Independently  calculated  data  by 
Shrout  using  the  separate  methods  of  References  4,  9,  and  10,  and  experimental 
measurements  taken  from  Reference  2.  Skin  friction,  wave  drag  (which  includes 
pressure  drag  and  Interference  drag  by  the  near-field  solution),  and  drag  due  to 
camber  arc  considered.  Because  the  present  supersonic  V/STOL  configuration  has 
the  same  wing  as  the  original  NASA  configuration,  the  values  fgr  drag  due  to 
camber  at  zero  lift  were  taken  directly  from  NASA  calculations  for  camber  cor- 
rection. Generally,  the  present  calculated  results  compare  very  well  with  the 
experimental  values  at  M^  ■ 1.6  and  1.8,  but  yield  higher  values  at  M*  » 1.2. 

This  Is  expected  because  the  linear  theory  starts  to  fall  apart  as  the  free-stream 
Mach  number  approaches  unity.  However,  the  accuracy  of  the  linear  theory  may  be 
improved  to  a certain  extent  by  using  a fine  integration  grid,  as  done  by  Shrout 
to  yield  better  comparison  at  M,,  - 1.2.  Figure  10  also  shows  some  subsonic  drag 
values.  Because  the  theory  does  not  Include  drag  due  to  camber,  the  results  are 
considerably  lower  than  actual  measured  values. 

The  basic  data  computed  In  the  present  work  are  summarized  in  Table  5. 
Configuration  numbers  are  designated  in  accordance  with  Table  2. 

For  the  clean  aircraft  configuration,  Configuration  1,  both  far-fleld  and 
near-field  wave  drag  values  were  determined  and  the  difference  between  the  two 
solutions  was  examined.  Basically,  the  far-fleld  solution  yields  slightly  higher 
wave  drag  values  than  the  near-fleld  solution  (including  the  camber  correction). 
Since  the  near-fleld  solution  Is  considered  to  be  more  reliable  and  more  accurate. 


*Prlvate  communication  with  B.L.  Shrout  on  26  Jan  1978. 
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the  total  drag  Is  determined  by  the  sum  of  the  near-field  wave  drag  (including 
the  camber  correction)  and  the  skin  friction.  Configuration  1 has  larger  total 
wetted  area  and,  therefore,  yields  higher  wave  drag  as  well  as  skin  friction. 

Note  that  computations  of  skin  friction  for  the  original  NASA  configuration  were 
based  on  Reynolds  number  2 x 10”  while  calculations  for  other  configurations 
were  based  on  much  higher  Reynolds  number,  determined  by  the  combination  of  Mach 
number,  altitude,  and  the  mean  chord  length,  c * 31.06  feet  (9.47  meters).  At 
an  altitude  of  h -50,000  feet  (15,240  meters),  the  resultant  Reynolds  number 
would  be  6.62  x 107,  5.88  x 107  and  4.41  x 107  for  M,,,  - 1.8,  1.6,  and  1.2, 
respectively.  At  these  Reynolds  numbers,  the  corresponding  skin  friction  results 
for  the  original  NASA  configuration  would  be  0.00467,  0.00496,  and  0.00559,  which 
are  generally  lower  than  the  Configuration  1 values. 

For  Configurations  2 through  9,  the  wave  drag  coefficients  were  all  deter- 
mined by  the  far-fleld  solution  which  were  then  converted  to  the  near-field 
values  based  on  correlation  between  the  coefficients  obtained  by  the  two  solu- 
tions for  Configuration  1.  The  total  drag  coefficients  were  obtained  by  adding 
the  skin  friction.  The  total  drag,  so  determined,  should  therefore  include  the 
Interference  drag  and  the  drag  due  to  camber,  although  they  are  not  directly 
determined  from  the  far-field  solution. 

Finally,  Figure  11  depicts  the  variation  of  total  drag  coefficients  with 
free-stream  Mach  numbers,  using  the  data  taken  from  Table  5.  As  expected,  the 
drag  coefficient  decreases  as  the  free-stream  Mach  number  Increases.  The  wave 
drag  varies  nonlinearly  with  added  store  capacity.  This  variation  may  be  attrib- 
uted to  the  interference  of  shock  waves  and  to  the  difference  in  resulting 
equivalent  bodies  of  revolution  in  accordance  with  the  supersonic  area  rule. 

This  difference  Implies  that  an  optimum  arrangement  of  external  stores  can  be 
found  to  yield  an  equivalent  body  of  revolution  having  the  least  supersonic 
wave  drag.  For  instance,  at  Mx»  1.8,  the  drag  value  of  the  aircraft  with  four 
medium  range  air-to-air  missiles  (Configuration  3)  is  0.01102  and  the  drag  value 
of  the  aircraft  with  four  identical  missiles  plus  two  short  range  air-to-air 
missiles  (Configuration  5)  is  0.01099.  The  wave  drag  decreases  when  two  short 
range  missiles  were  added.  The  results  of  Configurations  3 and  3A  (in  Table  5) 
also  indicate  that,  for  the  same  store  capacity,  the  wave  drag  may  be  minimized 
with  judicious  store  location. 
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TABLE  1 - GEOMETRIC  CHARACTERISTICS  OF  SUPERSONIC  V/STOL 
CONFIGURATION  NO.  1 


Wing  Span,  feet  (meters) 

Overall  Length,  feet  (meters) 

Wing  Reference  Area,  square  feet 
(square  meters) 

Aspect  Ratio 

Wing  Sweep,  Inner  Panel  (degrees) 
Wing  Sweep,  Outer  Panel  (degrees) 
Mean  Chord  c,  feet  (meters) 

Outboard  to  Inboard  Chord  Ratios,  t 
Inner  Panel 
Outer  Panel 
Root  to  Tip 


50  (15.24) 

65  (19.81) 
1060  (98.513) 

2.08 

72.5 

45.6 

31.06  (9.467) 

0.3272 

0.6145 

0.2010 


Airfoil  Thickness  to  Chord,  t/c 
Ratio 

Root  (0.2037  span)  (percent)  2.488 
Leading  Edge  Break  (0.60  span)  (percent)  3.360 
Tip  (1.00  span)  (percent)  3.360 


Wing  Camber  (see  tabulated  data) 
Root,  feet  (meters) 

Tip,  feet  (meters) 


-2.417  (-0.7367) 

-0.1465  (-0.04465) 
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TABLE  2 - DESIGNATION  OF  EXTERNAL  STORE  ARRANGEMENT 


Aircraft 

Designation 

Description 

NASA  Supersonic  Cruise  Fighter  4 

The  aodel  configuration  as  described 

In  Reference  2. 

V/STOL  1 

The  clean  aircraft  configuration 
as  presented  In  Figure  2. 

V/STOL  2 

V/STOL  1 with  two  aedlun-range  air- 
to-air  Missiles  (MRAAM)  Mounted 
on  the  underside  of  the  fuselage 
at  the  aircraft  center  of  gravity 
location. 

V/STOL  3 

V/STOL  1 with  four  MRAAM' s,  two 
mounted  as  in  V/STOL  2,  and  two 
mounted  outboard  at  approximately 
the  mld-wlng  location. 

V/STOL  3 A 

V/STOL  3 with  the  two  fuselage 
mounted  MRAAM' s moved  forward. 

V/STOL  3B 

V/STOL  3 with  the  two  fuselage 
mounted  MRAAM 's  moved  aft. 

V/STOL  T 

V/STOL  1 with  two  600-gallon 
(2280  liters)  tanks  mounted  out- 
board near  the  mld-wlng  location. 

V/STOL  5 

V/STOL  3 with  two  short-range  air- 
to-air  missiles  (SRAAM's) 
mounted  on  the  wing  tips. 

V/STOL  6 

V/STOL  2 with  two  SRAAM's  mounted 
on  the  wing  tips. 

TABLE  2 (Continued) 


V/STOL  7 


Aircraft 

Designation 


Description 


V/STOL  3 with  two  600-gallon 
(2280  liters)  tanks  nounted  under 
the  wing  near  the  fuselage. 


V/STOL  8 


V/STOL  1 with  one  electronic  counter 
measure  pod  mounted  on  the  underside 
of  the  fuselage  at  the  aircraft 
center  of  gravity,  two  air-to- 
surface  missiles  (ASM's)  mounted  out- 
board near  the  ald-wlng  location,  and 
two  600-gallon  (2280  liters)  tanks 
mounted  as  in  V/STOL  7. 


V/STOL  9 


V/STOL  8 with  two  SRRAM's  mounted 
on  the  wing  tips  and  no  tanks. 


V/STOL  10 


V/STOL  1 with  two  ASM's  mounted 
under  the  wing  near  the  fuselage 
and  two  SRAAM's  mounted  on  the 
wing  tips. 
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TABLE  \ - NUMERICAL  MODEL  FOR  V/STOl.  AIRCRAFT  S 


GF  OH  NFN 

TYPE  R SUPERSONIC  V/STOl  RtGCGRFT  NO.  G 
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1 1 1 
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TABLE  3 (Continued) 
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a Calculated  baaed  on  *e  * 2 * 10®.  All  other  akin  friction  valuea  were  calculated  baaed  on  c - 31.06  feet  (9.47  aetera)  at  h * SO, 000  feet 
(15,240  aetera).  Skin  friction  valuea  for  Mach  0.1,  0.2,  and  0.3  were  computed  baaed  on  the  aaae  aean  chord  length  at  h ■ 1,000  feet  (304.8  aetera). 
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Figure  5 - Fuselage  Cross  Section  at  Station  38.89 
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Figure  10  - Drag  Coefficient  of  NASA  Supercruiser  4 at  Zero  Lift 


Figure  11  - Drag  Coefficients  of  a V/STOL  Configuration  with  Typical  Store  Arrangements 


INITIAL  DISTRIBUTION 
Copies 


CNR  12 

1 211 

1 430B  1 

1 432 

1 438  1 

NRL  1 

ONR  1 

1 Boston 

1 Chicago  1 

1 London,  England 

1 Pasadena  1 

USNA  5 


USNPGSCOL 

NADC 

1 AIR  07 

3 AIR  IV3,  W.  Miller 
1 AIR  3015,  C.  Mazza 


NWC/China  Lake 

Code  124  1 

NSWC/Dahlgren  1 

NSWC/Whita  Oak  2 

NAVAIRSYSCOM 
1 AIR  03A 

1 AIR  03C  1 

1 AIR  03E 

1 AIR  03PA 

1 AIR  03PA3  2 

1 AIR  310 

3 AIR  320D 

1 AIR  5108 

1 AIR  53 OB 

4 AIR  5301  1 

1 AIR  954 

1 PMA  269  1 

NAVSEASYSCOM  1 

NAVAIRPROPTESTCEN  1 


Code  PE43,  C.L.  Palcza 

35 


i 

DDC 

AFOSR 

I 

USAFA 

AF  INST  TECH 
AFASD/Dayton  (XRL) 

AFFDL  (FXMB) 

AEDC 
NASA 

1 HQ,  Washington,  D.C. 

(RHT-5) 

2 Ames  Research  Center/Lib 

MS-285 
MS-286 

1 Langley  Research  Center 
1 Lewis  Research  Center 
MS-500-307 

U of  Akron/Lib 

Brown  U/Div  of  Engr 

Calif  Inst  of  Tech 
1 Grad  Aero  Labs 
1 Dr.  T.  Kubota 

Calif  Inst  of  Tech/ Jet 
Prop  Lab 

U of  Calif /Berkeley 
1 Prof.  M.  Holt/Div  Aero 
Sciences 
1 Lib 

U of  Calif /L. A. 

U of  Calif /LaJolla 
U of  S Calif/Lib 
Catholic  U of  America/Lib 


Copies 

1 U of  Cincinnati/ 

Aerospace  Engr 

2 Clem son  U 

1 Dr.  T.  Yang/Mech  Engr 
Dept 
1 Lib 

1 Cornell  U/Lib 

1 Georgia  Inst  Tech/Llb 

1 Harvard  U/Gordon  McKay 

Lib 

1 John  Hopkins  U/Llb 

1 U of  Illinois/Lib 

2 U of  Maryland 

1 Aerospace  Engr 
1 Lib 

1 MIT/Lib 

2 U of  Michigan 

1 Aerospace  Engr 
1 Lib 

1 New  York  U/Courant  Inst 

Math  Sci 

1 U of  N Carolina/Lib 

2 N Carolina  State  U/Raleigh 

1 Dr.  F.R.  DeJarnette/Mech 
& Aerospace  Engr  Dept 
1 Lib 

1 Pennsylvania  State  U/Lib 

1 Princeton  U/Lib 

1 Purdue  U/Lib 

1 Stanford  U/Llb 

1 U of  Tennessee  Space  Inst 


Copies 

1 U of  Virginia/Alderman  Lib 

2 Virginia  Polytech  Inst 

1 Carol  M.  Newman  Lib 
1 Aero  & Ocean  Engr 

1 U of  Washington/Lib 

1 W Virginia  U/Dept  Aero  Engr 

1 American  Inst  of  Aeronautics 

& Astronautics 

1 Advanced  Tech  Ctr/C.  Haight 

1 ARO  Inc /Lib 

1 Bell  Aerospace 

1 Boeing  Company /Seattle 

G.  Lampard 

1 Calspan  Corp/Buffalo 

1 Douglas  Aircraft  Co/Lib 

1 Flow  Research/Kent  Washington 

1 General  Dynamics  Convair/Lib 

1 General  Dynamics,  Fort  Worth 

D.  Lobrecht 

1 Grumman  Aerospace  Corp/Lib 

R.  Kress 

1 Inst  for  Defense  Analyses 

1 Lockheed-California 

A.  Burns 

1 Lockheed-Georgia  Co/Lib 

1 Lockheed  Missiles  & Space 

Co/Lib 

1 LTV  Aerospace  Corp/Lib 


36 


Copies 

1 


McDonnell  Douglas 
St.  Louis/R.  Anderson 


1 Nielsen  Engr  & Res  Inc 

1 Northrop  Aircraft/O.  Lewis 

1 Pratt  & Whitney 

E . Lehman 

1 Rockwell  International 

Corp/M.  Debenport 

1 TRW  Systems  Group/Lib 

1 Vought  Corp/H.  Driggers 


CENTER  DISTRIBUTION 

Copies  Code  Name 

1 012 

1 11 

1 15 

1 18 

1 27 

1 28 

10  5211.1  Reports  Distribution 

1 522.1  Library  (C) 

1 522.2  Library  (A) 

2 522.3  Aerodynamics  Lib 


37 


4 


I 


